Recent evidence includes apoptosis as a defense against Trypanosoma cruzi infection, which promotes an immune response in the host induced by T cells, type 1, 2 and 17.
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the progression of infection, stimulating new researches [2] . The search for a compound that stimulates the immune system has been the research subject for new therapies for this infection [3] .
Trypanosoma cruzi infection releases numerous chemical mediators [4] with the participation of T-cells that, by expressing TNF-α, become highly susceptible to undergo apoptosis in order to control the morbidity of infection [5] . Expression of IL-4 signals increased susceptibility of the host against T. cruzi infection [6] , and increased
Th17 intensifies the infection [7] . Therefore, some biomarkers such as chemokines and cytokines are associated with progression of infection and lower survival [8, 9, 10] , while the stimulus of defense cells, megakaryocytes and Kupffer cells, are related to higher survival of the host [3] .
The host cell integrity allows the survival of the pathogen [11] . Activation of the programmed cell death seems to limit the progression of infection [12] . The involvement of the innate immune response and activation of caspase-8 as a mechanism of cellular defense against the spread of the parasite in infected organ were recently demonstrated [13, 14] , using the counterbalance of this pathway with less aggressive power when compared to other mechanisms of cell death, where there is release of several inflammatory mediators [15, 16] .
The use of dynamized, highly diluted compound, i.e., above the Avogadro constant (6.02x10 23 ), has been shown to stimulate the immune system in mice infected with T.
cruzi, maintaining homeostasis, positively altering the course of infection [3, 17] .
Modulation of Th1, Th2 and Th17 responses and apoptotic profile has been the subject for therapeutic approaches [10, 18] . However, some mechanisms still remain unanswered [19] and a broad understanding of the immune response is required for proposing strategic interventions, minimizing injuries in infected hosts [20] .
The resistance to infection involves immunoregulatory mechanisms that can be induced to maximize response against the parasite, for example apoptosis. However, immunomodulation of host in activation of apoptotic signaling pathways remains a challenge in the search for the proposition of effective protection against T. cruzi infection [14, 20] . Thus, in this study we evaluated the levels of cytokines Th1, Th2, Th17 and the biological response profile of apoptosis in survival of mice infected with Trypanosoma cruzi and treated with different highly diluted compounds, above the Avogadro constant.
MATERIALS AND METHODS
Experimental design
The experiment was performed twice as a blind, controlled, and randomized trial. (n=11), GLy -Group treated with Lycopodium clavatum 13c (n=10), GCI -Group treated with the vehicle for medicine preparation (alcohol solution 7%) (n=11).
Dynamized compounds
Compounds selection
The compounds were selected by repertorization, in healthy animals [23, 24] , by observing the idiosyncratic characteristics of the group, considering general behavior, socialization and physiology. 
Lycopodium clavatum encompassed these characteristics to reestablish the balance of the biological system against considerable disturbances in the bioimmunophysiological system [25] , caused, in this case, by T. cruzi infection. In Homeopathic Materia Medica [24] , these compounds may be related to clinical conditions similar to pathological events observed in T. cruzi infection. Kalium causticum may be correlated to myasthenia; Conium maculatum, with anorexia. In addition, Lycopodium clavatum may be correlated with bowel disease [24] showing an effect in the treatment of rats infected with Trypanosoma cruzi, protecting intestinal neurons and modifying the immune response profile in treated animals [26] . The compounds were prepared in dynamization 13c (dilution 1: 10 26 ), by understanding the experimental murine infection by T. cruzi as an acute pathology and considering Swiss mice as small animals [27] .
Preparation of compounds
The compounds Kalium causticum, Conium maculatum and Lycopodium clavatum were prepared from the mother tincture diluted in grain alcohol at 70% (Agro-Industrial Tarumã Ltda, São Pedro do Turvo, Brazil) until 12c dynamization [27] . The dynamization used for the compounds was prepared (13c) in 7% alcohol, using mechanical dynamizer (AUTIC® Mod. Denise). 7% Alcohol, the vehicle for compounds, was used as control.
Biological risk
Biological risk was determined by inoculating five healthy mice/group, male, 8 weeks old, with 0.1 mL of each compunds (Kalium causticum, Conium maculatum and Lycopodium clavatum) intraperitoneally, to assess the possible biological response to the medicine. For 30 days, mice were assessed for weight, temperature, fur appearance, appearance of feces and mortality [28, 29] . No biological effects from the compounds studied were found in these healthy mice.
Treatment regimen
The treatment was administered orally, diluted in water (1mL/100mL), offered ad libitum in amber bottle, overnight, two days before infection and for three days after infection, every 48 hours, in order to stimulate the biological system and ensure the action of the compound on the immune system before and after the presence of the M A N U S C R I P T
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parasite [30] . The GCI received only 7% hydroalcoholic solution, also diluted in water (1 mL/100 mL), in the same treatment regimen.
Parameters evaluated
Survival
Survival was evaluated up to 90 days after infection and the average lifespan for each group was calculated, considering the humane endpoint (minimal pain and suffering prior-to-death and well-being, in survival of the animals) for groups GCI (n=8) GCaus (n=7), GCon (n=8), GLy (n=7).
Clinical parameters
The animals were clinically assessed for five days before the infection, on the day of infection and on the 23 consecutive days after infection at a fixed time 09h00min [31] .
Quantitative analysis: Weight -expressed in grams, it was individually evaluated on BEL engineering® -Class Mark II 500g digital balance; Temperature -expressed in degrees centigrade (ºC), it was individually measured in the anterior region of the left thigh (less fur) using Icel, infrared digital thermometer, model TD-920.0387; Water and feed consumption -expressed in milliliters (mL) and grams (g), respectively.
These parameters were collectively evaluated, considering the initial value for each group subtracted from the measured value after a day of consumption. The value obtained was divided by the number of animals in order to estimate the individual values; Amount of excreta -expressed in grams (g), it was collectively evaluated and obtained by weighing the cage beds before use, subtracted from the weight obtained after one day of use. Feces and urine were considered together. All the sawdust to be used as bed in the experiment was dried in a kiln first. Qualitative analysis: it was performed using numerical category scaling, defined as: 0 for no, and 1 for yes, and we analyzed whether the animal was asleep at 8:00h, presence of diarrhea (by observing the anal region), scrotal swelling, presence of abdominal edema, fur appearance (bristly), agitation in the cage, naturally and with handling. Behavioral alterations of physiological signals were also evaluated through atypical, unpredictable alterations, without the addition of stimuli, as well as social inhibition and presence of convulsion.
Cytokines and Ratios Th1/Th2, Th1/Th17
The cytokines IL-2, IL-4, IL-6, IL-10, IL-17, IFNγ and TNFα were measured (pg/ml) in serum (aseptic cardiac puncture) on the 8th day of infection (peak of parasites), using 
Apoptosis -In situ detection of DNA fragmentation
On the 8th day of infection, three animals from each group were euthanized and the spleen and larger lobe of the liver were collected and fixed in 10% formol for 24 hours.
Subsequently, the organs were dehydrated, diaphanized and immersed in paraffin. Each 
Statistical analysis
Statistical analysis was performed by comparing the different parameters between the treated groups and control group, using Student "Z" test for qualitative variables 
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RESULTS
Survival
GLy presented the longest survival time (50.1 ± 37.3) compared with GCI (26.8 ± 25.6) (p=0.02), GCaus (17.4 ± 2.1) (p=0.00) and GCon (15.4 ± 1.9) (p=0.00). GCon group (15,4 ± 1,9) presented early mortality compared with GCI (26.8 ± 25.6) (p=0.03). There was no significant difference between GCI (26.8 ± 25.6) and GCaus (17.4±2.1) (p=0.63). By the Kaplan-Meier estimator, the probability of the treated animal in GLy group surviving up to 22 days is 42.9% (CI 95% = 18% to 100%). In the GCon group, in turn, the probability of surviving up to 17 days is 12.5% (CI 95% = 2% to 78.2%); in GCaus group, the probability of surviving up to 18 days is 33.3% (CI 95% = 10.8% to 100%) and the probability of surviving 21 days is 12.5% (CI 95% = 2% to 78.2%) in GCI ( Table 1 and Figure 1 ).
Clinical parameters
In the overall average of the clinical parameters, all the compounds presented a significant increase in temperature compared with GCI (p<0.05) ( Table 1) . However, in average divided by periods of infection, only the GLy group presented a significant increase in temperature from the 6th-23rd day of infection, while GCaus presented a decrease in this parameter (p<0.05) (Figure 2 ). GCon presented decreased feed intake from the 6th-9th day of infection compared with GCI (p<0.05), and GCaus presented decrease in body weight compared with GCI from the 10th to the 13th day of infection (p<0.05) (Figure 2 ). GLy presented higher water consumption compared with GCI from the 2nd-5th day of infection and from the 10th-13th day (p<0.05) (Figure 2 ). In this comparison, it was observed that the animals treated with Ly showed no decrease in water or food consumption, presenting better performance than the other groups, which had significant decrease in these parameters.
The amount of excreta and presence of diarrhea had no significant difference between the groups. In the analysis of qualitative clinical parameters, GLy and GCaus presented greater drowsiness, greater genital edema and greater agitation, naturally and during handling. The bristliest fur was observed in GCon and GLy (Table 2) 
Apoptosis -In situ detection of DNA fragmentation
Detection of cells undergoing apoptosis on the eighth day of infection with T. cruzi in mice treated with different highly diluted compounds is described in Figure 5 . GLy and GCcon groups had a higher number of splenocytes and hepatocytes undergoing apoptosis compared with GCI (p<0.05). However, GCon presented a decrease in apoptotic bodies in liver compared with GCI (p<0.05), while GLy had a significant increase in apoptotic bodies in the liver compared with GCI (p<0.05). GCaus only presented a higher number of hepatocytes in apoptosis when compared with GCI (p<0.05) ( Figures 5, 6 and 7 ).
DISCUSSION
The murine model of infection with the Y strain of T. cruzi is a reference and is widely described in literature [33] . The use of this model may be useful for developing new treatments and understanding the mechanisms by which new tested compounds act [34, 35] . In this study with highly diluted compounds, for the first time In this study, aiming to statistically prove the beneficial effects of the highly diluted compounds, the evaluations of individual parameters (water and feed consumption, temperature and body weight), were performed at different periods of infection. The highest water consumption was presented by GLy (2nd-5th and 10th-13th day of infection); the lowest body weight (10th-13th day of infection) and lowest water consumption (18th-23rd day of infection) in GCaus; and lower feed intake in GCon (6º-9th day of infection), show the different clinical effects of highly diluted compounds in the biological system, since GLy represents the establishing of a greater physiological balance, promoting a more comfortable situation in physical and mental performance [39, 40] , resulting in increased motor coordination and faster cognitive reflexes [41] . The latter were also proven by the observation of increased motor activity in this group of animals, demonstrated by increased agitation which was detected, naturally and during handling, consistent with improved clinical condition.
The increased temperature indicates benefit to the host [42, 43] . This increase will generate macrophages when necessary [44] . In a recent publication, it was demonstrated that the increase of macrophages (megakaryocytes and Kupffer cells), promoted greater survival in mice infected with T. cruzi [3] . Thus, these data can suggest that the response, counterbalancing the Th2 response, since it was able to change information regarding the response against infection (i.e., "disease pattern"), improving the morbidity of the animals infected with a highly pathogenic strain. The balance between the cytokines with predominance of Th1 response in GLy can be clearly observed when we look at figure 3, and we found increased Th1 response (by the increase in TNF-α and decrease in Th17), and when comparing the ratio of cytokines in figure 4 . We noticed that the Th1/Th17 ratio increased by increasing Th1, whereas the Th2 response was released to promote the immune balance due to the immunoregulatory action of IL-10 [3, 44] .
The action of cytokines on Trypanosoma cruzi infection is not completely elucidated [21, 45] . In this work, we demonstrate predominance of Th1 response counterbalancing the Th2 response, while we observed increased apoptosis, clinical improvement with higher survival rate in animals treated with Lycopodium clavatum. These results are consistent with recent studies [6, 46] . IL-6, for being able to present both anti-inflammatory and proinflammatory activity [47] , possibly signaled activation of the classical pathway in this model, acting as Th2 response (anti-inflammatory), demonstrating less tissue damage in the same experimental model [17] . This happens because in conditions in which less inflammation occurs, a lower amount of this interleukin is observed, i.e., its reduction, as observed in the GLy group, causes fewer cytotoxic effects [48, 49] .
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
In GCon, increase of Th2 response, by increased IL-4 and decrease of ratio Th1/Th2
(IL-6/IL-10, IL-2/IL-10, TNF-α/IL-4, TNF-α/IL-10, INF-α/IL4, IFN-γ/IL10), demonstrates modulation that contributes to the pathogenesis of infection [50] . When comparing the ratio TNF-α/IL4 for GCon and GLy, opposite results are observed, which is consistent with the early mortality in GCon and increased survival in GLy.
Furthermore, the positive balance of Th1/Th2 response and higher concentration of TNF-α, proved to be a favorable condition to the increased survival of animals treated
with Lycopodium clavatum, which may also be associated with less inflammation and lower cytotoxicity [17, 36] .
It is suggested that the increase in IL-17 (Th17) might be related to the worsening of Chagas disease [51] and Th1 expression might be related to resistance to infection [52] .
Although there are still contradictions regarding the role of cytokines as modulators of
, emphasizing the role of dynamic Th1/Th17 is important to understand the mechanism of progression or improvement of the infection by this protozoan [53, 54] . Our results demonstrate greater benefit in GLy, expressed by the increased ratio Th1/Th17 (TNF-α/IL-17) due to increase in TNF-α. On the other hand, the decrease in ratio Th1/Th17 observed in GCaus (IL-2/IL-17, IL-6/IL-17, IFN-γ/IL-17) by decreased IL-2 and INF-γ (Th1), and no significant reduction in IL-6, was not related to increased survival compared with the control group. These data indicate that there was activation of Th1 response for GLy, while no inhibition of this immune response occurred in GCaus.
Immunosuppressive drugs have the ability to reduce the concentration of circulating IL-2 [55] . It can be understood that Kalium causticum promoted immunosuppression, since in GCaus there was downregulation of IL-2. This result may be related to the unfavorable clinical course and unaltered survival observed in this group compared with GCI, contrasting with the positive results observed in GLy.
Although the mechanisms of action of highly diluted compounds are not known, evidence suggests that they are related to homeostasis [56, 57] by increased apoptosis and reduced inflammation in animals infected with T. cruzi [58] . When this induction of apoptosis does not occur, the body may use more aggressive ways to cause cell death, such as autophagy and necrosis, which damage other tissues, mainly by increased inflammation and secretion of a number of mediators [15, 16] .
The mechanism of apoptosis is a general mechanism of programmed cell death, in response to different stimulus, depending on the balance of the host-parasite 
TABLES AND FIGURES LEGENDS
Tab. 1. Quantitative clinical parameters and overall survival (probability probability) evaluated in Swiss male mice, 8 weeks-old, inoculated with 1400 trypomastigotes of the Y strain of Trypanosoma cruzi, in groups GCI, GCaus, GCon and GLy.
Data presented as mean ± standard deviation. * Significative differences compared with GCI (p<0.05); GCaus: group treated with Kalium Causticum 13c; GCon: group treated with Conium maculatum 13c; GLy: group treated with Lycopodium clavatum 13c; GCI: group treated with 7% alcohol (vehicle medicine). CI = confidence index of 95%. 
